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(54) Positive working photosensitive composition 

(57) A positive working photosensitive composition is disclosed, which corrprises (a) a resin having groups capable 
of increasing solubility of the resin in an alkali developer through their decomposition due to the action of an add and 
(b) a compound represented by formula (I) or (II) generating sulfonic acid by irradiation with active rays or radiant rays: 
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Description 

The present invention relates to a positive working photosensitive composition used in the manufacturing process 
of a lithographic printing plate or a semiconductor device such as IC, in the production of a circuit substrate for liquid 

5 crystal, a thermal head or the like, and in other photofabrication processes. 

In general, a composition of the type which comprises an alkali-soluble resin and a naphthoquinonediazide com- 
pound as photosensitive material has been used as positive photoresist composition. For instance, the combinations of 
novolak-type phenol resins with naphthoquinonediazido-substituted compounds are disctosed as compositions of the 
aforesaid type, e.g., in US. Patents 3.666.473, 4.1 15,128 and 4,173,470, and the cont)inations of novolak resins pre- 

10 pared from cresols and formaldehyde with trihydroxybenzophenone-l ,2-naphthoquinonediazide sulfonic acid esters 
are described as most typical compositions in LF Thompson, Introduction to Microlrthography. No. 219, pp. 112-121. 
ACS publisher. 

The positive photoresist as described above is t>asically constituted of a novolak resin and a quinonediazide com- 
pound. The novolak resin as one constituent thereof can provide high resistance to plasma etching and the naphtho- 
15 quinonediazide compound as the other constituent functions as a dissolution inhibitor Further, the 
naphthoquinonediazide has a characteristic of generating a cartx)xylic acid upon irradiation with light to lose the ability 
lor inhit)iting dissolution, thereby heightening the solubility of a novolak resin in alkali. 

From the aforementioned points of view, a large number of positive photoresist compositions which each comprise 
a novolak resin and a naphthoquinonediazide type pfiotosensitive material have hitherto been developed and put to 
20 practical use. In the processing of lines having a width of the order of 0.8-2 ^m, those compos'rtions have accomplished 
satisfactory results. 

On the other hand, the integration degree of an integrated circuit has become higher and higher in recent years, so 
that the art of micro-lithography for processing super fine patterns having a line width of half micron or below has come 
to be required in the production of senraconductor sul)strates for VLSI and the like. In order to achieve the resolution 

25 required therein, the wavelengths used in an ^cposure apparatus for photolitho^aphy were getting shorter, arxJ nowa- 
days the utilization of far uKraviolet light and excimer laser beams (XeCI, KrF, ArF) is being examined. 

In a case where a conventional resist comprising a novofak resin and a naphthoquinonediazide conrpound is used 
for forrrung patterns by the lithography using far ultraviolet light or an excimer laser beam, it Is difficult for the light to 
reach the lower part of the resist because a novolak resin and naphtfxx^uinonediazide have strong absorption in the far 

30 ultraviolet region, so tiiat such a resist has kTw sensitivity and can merely provide a pattern profile having a tapered 
shape. 

As one means to solve the aforementioned problems, tiie chemically anplified resist compositions disclosed, e.g.. 
in U.S. Patent 4.491 .628 and European Patent 0,249,139 can t>e used. The chemically amplified positive resist corrpo- 
sitions refer to the pattern forming rr^terials of the type which generate acids in the irradiated area upon Irradiation witii 

35 radiation, such as far ultraviolet light, to cause a reaction utilizing these acids as catalyst, thereby making a difference 
of solubility In a developer between the irradiated and unirradiated areas with the active radiation. By virtue of this sol- 
ubility difference, a pattern can be formed on a sut)strate coated with a material of the foregoing type. 

As examples of a chemically amplified resist composition, mention may be made of the comt>ination of a compound 
capak)le of generating an acid by photolysis (whrch is called a photoacid generator, hereinafter) with acetal or an O. N- 

40 acefal compound (JP-A-48-89003. wherein the term "JP-A" means an unexamined put)lished Japanese patent applica- 
tion'O, the combination of a photoacid generator with an orthoester or amidoacetal compourKi (JP-A-51-120714). tiie 
combination of a photoacid generator with a polymer containing acetal or ketal groups in its main chain (JP-A-53- 
133429), the combination of a photoackJ generator with an enol ether corrpound (JP-A-55-12995), the combination of 
a photoackJ generator with N-acylimino cartwnate corrpound (JP-A-55-1 26236), tiie con4>ination of a photoacid gen- 

45 erator with a polymer containing orthoester groups in its main chain (JP-A-56-17345), the combination of a photoackJ 
generator witii a tertiary alkyi ester compound (JP-A-60-3625). the combination of a photoackJ generator with a silyl 
ester compound (JP-A-60-1 0247) and tiie combinations of a photoacid generator with silyl ether compounds (JP-A-60- 
37549 and JP-A-60-1 21446). Those combinations have a quantum yield of greater than 1 in principle, so tfiat they 
exhibit high sensitivity. 

50 Similarly, the systems described, e.g.. in JP-A-59-45439, JP-A-60-3625, JP-A-62-229242. JP-A-63-27829. JP-A- 
63-36240, JP-A-63-250642. Polym. Eng. See., vol. 23. p. 1012 (1983); ACS. Svm.. vol. 242. p. 1 1 (1984); Semiconduc- 
tor World, the November number, pi 91 (1987); Macromolecules. vol. 21, p. 1475 (1988); and SPIE. vol. 920. p. 42 
(1988); wherein the compounds capable of generating acids by exposure to light are combined with tertiary or second- 
ary alkyI (ag., t-butyl. 2-cydohexyl) esters or cartwnate corrpounds, can be other examples of the systems of the type 

55 Which, though they are stable upon storage at room terrperature, decompose by heating in the presence of an acid to 
solubilize in an alkali. Such ttie systems also have high sensitivity arxJ their absorption in Deep-UV region is weak, com- 
pared with a naphthoquinonediazide/hovolak resin system. Thus, the use of those systems can also be effective in 
shortening the wavelengths of a light source. 

The foregoing chemk:ally amplified positive resist compositions can be grouped into two main classes, namely a 
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dass of three-component systems comprising an alkali-solubie resin, a compound capable of generating an acid by 
exposure to radiation (a photoadd generator) and a compound capable of inhibiting the dissolutbn of an alkali-soluble 
resin containing groups decomposable by an acid (a dissolution inhibitor) and a class of two-component systems com- 
prising a resin containing groups which are deconposed by the reaction with an acid to become soluble in an alkali and 
5 a photoacid generator. 

Such a two- or three-component positive resist of chemical anplif ication type forms a resist pattern by undergoing 
development after a heat treatment in the presence of an add generated from a photoadd generator by exposure to 
light. 

With respect to photoacid generators used in the aforementioned positive resist of chemical amplification type. 
10 although an N-imide sulfonate, an N-oxime sulfonate, an o-nitrobenzyl sulfonate, a pyrogallol trismethanesuKonate and 
so on were known, the sulfonium or iodonium salts of perfluoro Lewis acids, such as PFe". AsFg" and SbFe". as 
described in JP-A-59-45439 and Polvm. Eng. Sd.. 23, 1012 (1983) have been used as typical photoadd generators 
since they have high photolysis efficiency and excellent image forming capability. 

In cases where such photoacid generators are used in resist materials for senniconductors, however, contamination 
15 with phosphorus, arsenic and antirrony arising from the counter anions of those photoacid generators becomes a prot>- 
lem. 

As sulfonium and iodonium compounds free from such contamination, the salts whose counter anion is trrfluor- 

omethanesuHonic acid anion, such as those described in JP-A-63-27829. JP-A-02-25850, JP-A-02-1 50848, JP-A-05- 

134414 and JP-A-05-232705, are used. 
20 However, the use of tfx>se salts gives rise to a problem such that the resist pattern is thinned with the passage of 

time in the period from exposure to heat treatment or the resist pattern profile has a T-shape top, because the trifluor- 

omethanesuHonic add generated by exposure has great diffusibility inside the resist film. 

Also, the use of toluenesulfonic add anion as another counter ion of sulfbniiffn and iodonium salts is descrit>ed, 

e.g., in JP-A-02-25850. JP-A-02-150848. JP-A-06-43653 and J P-A-06- 123972. However, the solubilities of such salts 
25 in generally used resist solvents are insufficient, so that those salts have limitations on their addition amounts. Thus, 

such salts have a sensitivity protsfem. 

Therefore, one object of the present invention is to solve the aforementioned problems in conventional arts and. 

more specifically, to provide a positive working photosensitive composition which has high photolysis effk:iency. arxi 

consequently, has high sensitivity to ensure the formation of an excellent resist pattem. 
30 Another object of the present invention is to provide a positive working photosensitive composition which generates 

an acid having low diffusft>ility when exposed to light, thereby ensuring the resist pattern formation free from the thinning 

due to the passage of time in the period from exposure to heat treatment and preventing the resist pattem profile from 

having a T-shape top. 

Still another object of the present invention is to provide a positive working phK>tosensrtive composition which can 
35 contain as a photoacid generator a sulfonium or iodonium compound in an arbitrarily increased amount because of its 
improved solubility in a solvent, thereby enfiancing its sensitivity. 

As a result of our intensive studies carried out taking the atxTve-described characteristics into account, it has been 
found that the objects of the present invention can be attained by using a particular sulfonic add-generating compound 
as described below in a positive chemk:al amplif icatbn system. 
40 More specifically, the present invention has the following constitution [1] and [4], and further the preferable consti- 
tutbn [2] and [3]: 

[1] A positive working photosensitive composition comprising (a) a resin having groups capable of increasing solu- 
bility of the resin in an alkali developer through their decomposition due to the action of an add and (b) a compound 
45 represented by formula (I) or (II) generating a sulfonic acid by irradiation with active rays or radiant rays: 




wherein R^. R2, R3. R4 and R5 each represent a hydrogen atom, an alkyi group, a cydoalkyi group, an alkoxy 
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group, a hydroxy group, a halogen atom or a -S-Rg group; Re represents an alkyi group or an aryl group; and X" 
represents a benzenesuHonic, naphthalenesuHonic or anthracenesulfonic add anion having at least one ester 
group. 

[2] A positive working photosensitive composition as desaibed in the constitution [1). further comprising (c) a low 
5 nrolecular. add-decomposable, dissolution-inhibiting compound having a molecular weight of no greater than 

3,000, having a group capable of being decomposed by an acid and inaeasing the solubilrty of the resin in an alkali 
developer due to the action of the acid. 

[3] A positive working photosensitive composition as described in the constitution [1] or [2], further comprising (d) 
a resin which is insolut>le in water txit soli^e in an aqueous alkali solution. 
10 [4] A positive working photosensitive composition comprising (b) a compound represented by the foregoing formula 
(0 or (II) generating a sulfonic add by inadiation with active rays or radiant rays, (c) a low nrolecular, add-decom- 
posable. dissolution-inhibiting compound having a molecular weight of no greater than 3,000, having a group capa- 
ble of being decomposed by an add arxi increasing the solubility of the resin in an alkali developer due to the action 
of the acid and (d) a resin which is insoluble in water but soluble in an aqueous alkali solution. 

15 

As mentioned above, the use of the compound of the foregoing formula (1) or (II) as a photoacid generator success- 
fully solves the problem caused in a chemically amplified resist due to a lapse of time in the period from exposure to 
heat treatment, and heightens the photoacid generator's solil)ility in a solvent and the r)hotolysis efficiency, thereby 
ensuring h^h sensitivity to light and forniation of excellent resist patterns. 
20 The compounds used in the present invention are illustrated below in detail. 

1 ■ Acid Generating Conrpound of formula (I) or (11) : 

Examples of the alkyI group represented by to Rg in the foregoing formula (I) or (II) include unsubstituted or sub- 

25 stituted alkyI groups containing 1 to 4 cartx>n atoms, such as a methyl group, an ettiyl group, a propyl group, a n-butyl 
group, a sec-butyl group and a t-txjtyl group. Examples of the cydoalkyi group represented by R^ to Rg indude unsub- 
stituted or suljstituted cydoalkyi groups containing 3 to 8 carbon atoms, such as a cyciopropyl group, a cyclopentyl 
group and a cydohexyl group. Examples of the alkoxy group represented by R^ to Rg include alkoxy groups containing 
1 to 4 carbon atoms, such as a methoxy group, an ethoxy group, a hydroxyethoxy group, a propoxy group, a n-butoxy 

30 group, an isobutcxy groip. a sec-butoxy group and a t-butoxy ^oup. Examples of the halogen atom represented by R^ 
to Re include a fluorine atom, a chtorine atom, a bromine atom and an iodine atom. Examples of the aryl group repre- 
sented by Ri to Re include unsubstituted or siAistituted aryl groups containing 6 to 14 carlx)n atoms, such as a phenyl 
group, a tolyl group, a methoxyphenyl group and a naphthyl group. 

Suitable examples of a sut)stituent which the group represented by R^ to Re can have include an alkoxy group con- 

35 taining 1 to 4 cartx)n atoms, a halogen atom (fluorine, chlorine or iodine atom), an aryl group containing 6 to 1 0 cartx>n 
atoms, an alkenyl group containing 2 to 6 carlxtn atoms, a cyano g^oup, a hydroxy group, a cartxjxy groip, an alkoxy- 
cartxHiyl group and a nitro group. 

The sutfonium and iodonium conrpound represented by formulae (I) and (II), respectively, i^ed in the present inven- 
tion have as their counter anion X a benzenesuHonic, naphthalenesutfonic or anthracenesulfonic acid anion containing 

40 at least one ester group, preferably at least two ester groups. As the sulfonium and iodonium compounds have the 
counter anions defined above, the adds generating therefrom after exposure (namely, ester ^oup-containing benze- 
nesuHonic. naphthalenesuHonic and anthracenesuHonic acids) are reduced in diffusibility, and the suHonium and iodo- 
nium compounds have improved solubHiities in solvents. 

As the foregoing ester group, the ^oup represented by formula (a1) or (a2) is suitable: 

45 

-C(=0)-0-Ra (a1) 
-0-C(=0)-Rb (a2) 

50 wherein R^ and R^ each represents an alkyI group, a cydoalkyi groip, an aralkyi group or an aryl group, preferably an 
alkyI group containing 1 to 12 cartx>n atoms, a cydoalkyi group containing 3 to 8 carioon atoms, an araikyi group con- 
taining 7 to 12 cartx>n atoms or an aryl group containing 6 to 10 cartxjn atoms. Examples of the alkyI group containing 
1 to 12 cartwn atoms indude straight-chain or branched alkyI groups, such as methyl, ethyl, propyl, n-butyl. sec-butyl, 
t-butyl, pentyl, hexyl, heptyl. octyl, nonyl. decyl. undecyl and dodecyl groups. Examples of the cydoalkyi group contain- 

55 ing 3 to 8 cartx)n atoms include a cyckpropyl group, a cydopentyl group and a cydohexyl group. Exanples of the 
aralkyi group containing 7 to 12 cart>on atoms include a benzyl group, a chlorobenzyl group arxi a methtoxybenzyl 
group. Examples of the aryl group containing 6 to 10 carbon atoms include a phenyl group, a tolyl group, a methoxy- 
phenyl group arxJ a naphthyl groip. 

In addition to the aforementioned specific si4>stituent(s), the aromatic suHonic add anion represented by X" may 
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have a substrtuent, such as an alkyi group containing 1 to 4 cartx)n atoms, an alkoxy group containing 1 to 4 cartx>n 
atoms, a halogen atom (fluorine, chlorine, bromine or iodine atom), an aryl group containing 6 to 10 cartx)n atoms, a 
cyano group, a sulfide group, a hydroxy group, a cartx>xy groip and a nitro group. 

The content of the compound represented by formula (I) or (II) in the total conposrtion is from 0.1 to 20 weight %. 
preferably from 0.5 to 10 weight %, and more preferably from 1 to 7 weight %, on a solids basis. 

Specific exanples of those conrpounds include the following Compounds (1-1) to (1-49) and Compounds (11-1) to (II- 
36), but these examples are not to be construed as limiting the scope of the invention in any way 
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The compound represented by formulae (1) or (II) can be prepared by carrying out in an aqueous solution a base 
exchange reaction between the corresponcfing CT salt, e.g.. the corresponding onium chloride (or the conrpound of for- 
mula (I) or (II) whose courrter ion, X". is replaced by CI") and a compound represented by X"Y+ (wherein X" has the same 
meaning as in formula (I) or (II). and is a cation, such as H*. Na*. NH/ and N(CH3)4'*" ). 
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2. Other Acid-Generating Compounds usable together with Present Compounds : 

In addition to the aforementioned sulfonic acid-generating compounds of formulae (I) and (11). other compounds 
which are deconposed by irradiation with active rays or radiation to generate acids may also be used in the present 
5 invention. 

The ratio of the present conrpound of formula (I) or (II) to a pholoadd generator usable together therewith is from 
100/0 to 20/80. preferably from 90/10 to 40/60, and wore preferably from 80/20 to 50/50, by mole. 

The photoadd generator which can be suitably used together with the conrpound of formula (I) or (II) can be 
selected from the group consisting of a photoinitiator for photo cationic polymerization, a photoinrtiator for photo radical 

10 polymerization, a photodecolorizer for dyes, a photo discoloring agent, well-known photoacid generators used for 
microresist and the like, and a mixture of two or more of the above agents. 

Examples of conpounds used as those agents include the oniumsalJ such as diazonium salts described, e.g., in 
S.I. Schlesinger, Photocr. Sci. Eng.. 18. 387 (1974). and TS.^gaTetaL. Polymer. 21. 423 (1980); ammonium salts 
described, ag., in U.S. Patents 4,069.055, 4,069,056 and Re 27,992, and Japanese Patent Application No. 03-140140; 

15 phosphonium sate desaibed. e.g., in D.C. Necker et al., Macromolecules. 17, 2468 (1984). C.S. Wen et aL, Teh. Proc. 
Conf. Rad. Curing ASIA, p. 478, Tokyo (Oct.. 1988). and U.S. Patents 4.069.055 and 4,069,056; iodonium salts 
described, ag.. in J.V. Crivello etal., Macromolecules. 10(6). 1307 (1977). Chem. & Ena. News. Nov. 28. p. 31 (1988), 
European Patent 0.104.143. U.S. Patents 339,049 and 410,210, JP-A-02-150848 and JP-A^2-296514; sulfonium salts 
desCTtoed, ag.. in J.V. Crivello el al.. Polymer J.. 17, 73 (1985). J.V. Crivello et al., J. Pro. Chem.. 43, 3055 (1978). W.R. 

20 Watt et al.. J. Polvmer Sci.. Polymer Chem. Ed.. 22. 1789 (1984). J.V. Crivello et al., Polvm^ Bull.. 14, 279 (1985). J.V. 
Crivello ^ al.. Macromolecules. 14(5). 1141 (1981). J.V. Crivello et al., J. Polvmer Sd.. Polymer Chem. Ed.. 17. 2877 

(1979) , European Patents Nos. 0,370.693. 3.902.114. 0,233,567. 0.297,443 and 0.297.422. U.S. Patents 4.933.377. 
161,811. 410,201. 339.049. 4.760.013. 4.734.444 and 2.833.827, and German Patents 2,904.626. 3.604.580 and 
3.604.581 ; seienonium salts described, e.g.. in J.V. Crivello et al.. Macromolecules. 10(6). 1307 (1977). and J.V Crivello 

25 et aL, J. Polymer Sd.. Polymer Chem. Ed.. 17, 1047 (1979) and arsonium salts described, eg., in C.S. Wen et al., leh. 
Proc. Conf. Rad. Curing ASIA, p. 478, Tokyo (Oct.. 1988); the organic halogeno-compounds described. e.g., in U.S. 
Patent 3,905.815. JP-B-46-4605 (The term "JP-B" as used herein means an "examined Japanese patent puWicationl. 
JP-A-48-36281. JP-A-55-32070. JP-A^-239736. JP-A-61 -169835, JP-A-61 -169837. JP-A-62-58241. JP-A-62- 
212401. JP-A-63-70243 and JP-A-63-298339; the organometallic compounds/organic halide compounds described. 

30 e.g.. in K. Meier et al., J. Rad. Curing. 13(4). 26 (1986). TP. Gill et al.. Inoro. Chem.. 19. 3007 (1980). D. Astruc. Aca 
Chem. Res.. 19(12). 377 (1896). and JP-A-02-161445; the photoacid generators having protective groups of o- 
nitrobenzyl type described, ag.. in S. Hayase et al., J. Polymer Sci.. 25, 753 (1987), E. Reichmanis et al.. J. Polymer 
Sci.. Pdlymer Chem. Ed.. 23. 1 (1985). Q.Q. Zhu et al.. J, Photochem.. 36. 85. 39, 317 (1987). B. /Vmit et aL, Tetrahe- 
dron Lett.. (24) 2205 (1973). D.H.R. Barton et al., J. Chem. Soc.. 3571 (1965). RM. Collins et al.. J. Chem. 3oc.. Perkin 

35 1. 1695 (1975). M. Rudinslein el al.. Tetrahedron Lett.. (17), 1445 (1975). J.W. Walker et al., J. Am. Qhgm. Soc, 1 10, 
7170 (1988), S.C. Busman et al., J. Imaging Technol.. 11(4), 191 (1985). H.M. Houlihan et al., Macromolecules, 21. 
2001 (1988). RM. Collins et al.. J. Chem. Soc.. Chem. Commun.. 532 (1972), S. Hayase et al. Mapromolecules. 18. 
1799 (1985). E. Reichmanis et al., J. Electrochem. Soc.. Solid State Sd. Technol.. 130(6), FM. Houlihan el al.. Macro- 
molecules. 21, 2001 (1988), European Patent Nos. 0,290.750. 0.046.083. 0.156.535. 0.271,851 and 0.388.343. U.S. 

40 Patents 3.901,710 and 4.181.531. JP-A-60-1 98538 and JP-A-53-133022; the compounds generating sulfonic add by 
photolysis, representatives of which are the iminosulfonales described, e.g., in M. Tunooka et al.. Polymer Preprints 
Japan. 35(8), G. Berner et al.. J. Rad. Curing. 13(4), W.J. Mijs et aL. Coatino Technol.. 55(697), 45 (1983). Akzo, H. 
Adachi el al.. Polymer Preprints Japan. 37(3). European Patent Nos. 0.199.672. 0.084,515. 0.199,672. 0.044.1 15 and 
0.101,122, US. Patents 618,564, 4,371.605 and 4.431.774, JP-A-64-18143. JP-A-02-245756 and Japanese Patent 

45 Applicatron No. 03-140109; and the disuHone compounds described, ag.. in JP-A-61 -166544. 

In addition, polymers into the main chain or side chains of which those groups or compounds capable of generating 
acids under light are introduced, such as the compounds described, e.g., in M.E. Woodhouse et al.. J. Am. Chem. SOP , 
104. 5586 (1982). S.P Pappas el al.. J. IniaainQ Sci.. 30(5), 218 (1986), S. Kondo et al., Makronx)!. Chem.. Rapid Com- 
mun.. 9. 625 (1988). Y. Yamada et aL. Makromol. Chem.. 152. 153. 163 (1972). J.V. Crivello et al.. J. Polymer Sci.. Pol- 

50 ymer Chem. Ed., 17. 3845 (1979), U.S. Patent 3.849,137, German Patent 3.914.407, JP-A-63-26653, JP-A-55- 164824. 
JP-A-62-69263. JP-A-63-146038. JP-A-63-163452. JP-A-62-153853 and JP-A-63-1 46029, can also be emptoyed. 
Further, the compounds capable of generating acids under light described, e.g., in VN.R. Pillai. Synthe$i$. (1). 1 

(1980) . A. Abad et al.. Tetrahedron Lett.. (47) 4555 (1971), D.H.R. Barton et al.. J. Chem. Soc.. (C). 329 (1970), US. 
Patent 3.779.778 and European Patent No. 0.126.712. can be also employed. 

55 Of the compounds which can be decomposed by irradiation with active rays or radiation to generate acids 
descrtoed above, the foltowing compounds are especially advantageous to combined use with the compounds of for- 
mulae (I) and (II): 

(1) A trihalomethyl-sut)sWuted oxazole derivatives represented by the following formula (PAG1). or a trihalomelhyi- 
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substituted s-triazine derivatives represented by the following formula (PAG2); 



^202 



N— N 
// W 



11 T 

(PAGl) (PAG2) 



wherein represents a substituted or unsubstituted aryl or alkenyl group. R^°^ represents a substituted or 
unsii)Stituted aryl, alkenyl or alkyl group or -C(Y)3, and Y represents a chlorine or bromine atom. 

Specific exanples of such the compounds are illustrated below, but these examples should not be construed 
as limiting the scope of the present invention. 
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Cl-i >-CH = CH-C^^^C-CCl3 
(PAGl-1) 



CH3 CH = CH - C^^^C - CCI3 

(PAGl-2) 

^ N— N 

CH30-^^y-CH=CH-C^^^C-CBr3 

(PAGl-3) 

N— N 

(n)C4H90 -Y^CH=CH-C^^Jc-CCl3 

(PAGl-4) 

(PAGl-5) 




(PAGl-6) 



CH = CH-C^^^C-CCl3 
(PAGl-7) ■ 



jr~\ /=\ 

^_^CH== CH-^^y-CH= CH- C^^^C - CCI3 

(PAGl-8) 
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CCl3 
• (PAG2-1) 



OCH3 




Ci3C^N^CCl3 
(PAG2-2) 




CI3C 



N CCI3 
{PAG2-3) 



CI3C 




N CCI3 
(PAG2-4) 



OCH3 




Cl3C'^N^CCl3 
(PAG2-5). 



OCH3 



CI3C 



^N^CCl3 



COCH3 



(PAG2-6) 



CI3C 




N-^ CCI3 
(PAG2-7) 



OCH3 



CI3C 




^N' CCI3 
(PAG2-8) 
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CH=CH 



Cl3C^N^CCl3 



(PAG2-9) 



CI3C 




N CCI3 
(PAG2-10) 



(2) An iodonium salt of the following formula (PAG3), or a suHbnium salt of ttie following formula (PAG4): 



Ar 



1 R^03 



^1+ Z- R^"^-S-^ Z 

Ar'^ R 



(PAG3) CPAG4) 



Wherein Ar^ and Ar^ each represent an unsubstituted or substituted aryl group. Suitable examples of subslituent 
thereof include an alkyi group, a haloalkyi group, a cydoalkyl group, an aryl group, an alkoxy group, a nitro group, 
a cartx](xyl group, an alkoxycarlwnyl group, a hydroxy group, a mercapto group and a halogen atom; R^°^. R^'* and 
r2°^ each represent a substituted or unsutstituted alkyI or aryl group, preferably an aryl group containing 6 to 14 
cartwn atoms, an alkyI group containing 1 to 8 cartxin atoms or substituted derivatives thereof. Examples of sii>- 
stituents for the aryl group include alkoxy having 1 to 8 carlwn atoms, alkyI having 1 to 8 cartx>n atoms, nitro. car- 
boxyl. hydroxy and halogen. Examples of substituents for the alkyI group include alkoxy having 1 to 8 cartx)n atoms, 
cartx)xyl arxl alkoxycartwnyl; 2" is a counter anion, such as a perfluoroalkanesulfonic ackl anion (e.g.. CF3SO3 ) 
and a pentafluorobenzenesulfonic acid anion; and wherein two among R^^^, R^"* and R^*^. and Ar^ and Ar^ may 
combine with each other via a single bond or a substituent 

Specific examples off such compounds are illustrated below, but these exanples should not be construed as 
limiting the scope of the present invention. 
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(PAG3-1) 



I'^-^^0CH3 CF3SO3 



(PAG3-2) 



V_/ "W 

NO2 



(PAG3-3) 



^}~^'^'^^y^^Z CF3SO3 



{PAG3-4) 



^2^"^0~^'^'^0^^^3 CP3SO3- 



(PAG3-5) 




H3C CH3 
(PAG3-6) 
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(n)C7Hi5-^^l"^-^^(n)C7Hl5 CF3SO3 



(PAG3-7) 



C1-^^I+-Q^C1 CF3SO3 



(PAG3-8) 



F3C-^-I+-^^CF3 CF3SO3 




(PAG3-9) 



1 + 




CF3SO3 

H3COOC COOCH3 
(PAG3-10) 

Cl-^^-I+--^^-Cl CF3SO3 
(PAG3-11) 

tBu-^^— I"^-^^— «u CF3SO3 
(PAG3-12) 
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CF3S03~ 



CF3SO3- 



CF3SO3- 



(PAG3-15) 



F F 

(PAG3-16) F F 

(PA.G3-17) 
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CH3 

(PAG4-6) 
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H3C 

H0-\ }-?'^-CH3 CF3SO3 




I 

CH3 
H3C 

(PAG4-7) 



^ CF3SO3 

(PAG4-8) 



H3CO 

J CF3SO3 

H3CO 



CO 



(PAG4-9) 



(n)C4H9 



^^~\ r\J CF3SO3 

(n)C4H9 

^ ^ (PAG4-10) 



V_f CF3SO3 
CH3 
{PAG4-11) 
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H3C 

HO-^^ S^O CF3SO3 - 

(PAG4-12) 




CF3SO3 



C8F17SO3 



(PAG4-14) 



^-C-CH2-S+-CH3 CF3SO3- 
CH3 
(PAG4-15) 

^-C-CH2-S^ CF3SO3- 
(PAG4-16) 
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Q-C-CH2-S^ CF3SO3 



CI (PAG4-17) 



^^-C-CH2-S"^ CF3S03' 



(PAG4-18) 




O 

C-CH2-S"^ J CFaSOs" 



{PAG4-19) 



0 



I 

(n)C4H9 
(PAG4-20) 



2 

(PAG4-21) 



(PAG4-22) 
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(PAG4-23) 



H3C 




OC2H5 



(PAG4-24) 



(PAG4-25) 



SO3 




The above-illustrated onlum salts of Ibrmulae (PAG3) and (PAG4) are well-known compouids, and can be syn- 
ttiesized using the methods deswibed, e g., in J.W. Knapczyk et al., J. Am. Chem. Soc.. 91, 145 (1969), A.L May- 
cok et al., J.Oro.Chem.. 35. 2532 (1970), E. Goethas et al.. Bull. Soc. Chem. Beta.. 73. 546 (1964), H.M. Leioester, 
J Am. Chem. Soc.. 51. 3587 (1929), J.V. Crivello et al., J. Polymer Chem. Ed.. 18. 2677 (1980). U.S. Patents 
2.807.648 and 4.247.473. and JP-A-53-101331. 

(3) A disuHbne compound of the following formula (PAG5) and an iminosulfonate compound of the foltowing formula 
(PAG6): 



O 



Ar^-SOz-SOz-Ar'' 



(PAG5) 



r206_so2-O-N a 



(PAG6) 



V 

O 



wherein Ar^ and Ar* each represent a substrtuted or unsU)slituted aryl group. R^^ is a siAJstituted or unsubstituted 
alkyi or aryl group, and A is a substituted or unsubstituted aJkylene. alkenylene or arylene group. 

Spedfic examples of such compounds are illustrated below, but these examples should not be construed as 
limiting the scope of the present invention. 
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ci-^^soz-soz-^^ci 



(PAG5-1) 



H3C-^^S02-S02-^^CH3 



(PAG5-2) 



H3CO-^^S02-S02-^^OCH3 



(PAG5-3) 



H3C-^^S02 - SO2 CI 



(PAG5-4) 



F3C-^^S02 -S02^^^ CF3 




(PAG5-5) 
SO2-SO2 




01 

(PAG5-6) 

HsCzO-^ /-S02-S02-^^-Cl 
(PAG5-7) 






S02-S02-\ /-CI 
(PAG5-8) 
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S02-S02-^^CH3 
(PAG5-9) 

qj'-Xj^^'^^ (PAG5-10) 

Cl-^^ SO2 -S02-^^OCH3 

(PAG5-11) 

HaC^ /=\ 
HJ 

Hac' 



HCHQ-SO2-SO2-Q 



(PAG5-12) 




>-S02-S02-^ 
(PAG5-14) 
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0 




'N-0-S02-Q 
O (PAG6-1) 




)^T-0-S02-^^CH3 
O (PAG6-2) 




-0-S02-^^^OCH3 



O (PAG6-3) 




N- O -SO2 ^*"3 



O 



(PAG6-4) 



O 




N-O-SO2 



(PAG6-5) 




0 




N-O-SO2 



{PAG6-G) 




OCH3 
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o 

N-0-S02-C2H5 

O (PAG6-7) 




10 



15 



20 




30 



0 




-O-S02-C2H5 



o 



(PAG6-10) 



35 



40 



\_/ ( 



|l-0-S02-<CH2^j5-CH3 
^ (PAG6-11) 



45 



50 



(PAG6-12) 
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5 



10 



IS 




{PAG6-14) 



0 F F 



25 




(PAG6-15) 



3. Resin having Groups capable of decomposing bv Action of Add to increase S olubility of Resin in Alkali Developer: 

As the resin used in a resist of chemical amplification type, which has groups capable of being deconposed by an 
40 acid to inaease the solubility In an alkali developer, such ackJ-decomposatjIe groups may be present in either nrmin 
chain or side chains of the resin, or in both vnam and side chains. However, it is preferable for the resin to have such the 
acid<lecomposable groups in side chains. 

The add-decomposable groups suitable for the resin are groups represented by formulae -COO-A° and -OB^. 
Exanples of the moieties containing such groups include those represented by -R°-COO-A° or -Ar-O-B^. 
45 Herein. A^ represents a group of formula -C(R°^)(R0^(R03), -Si(RO^){R^(R°^) or -C(R^)(RO^-0-R*^^; and B^ rep- 
resents A° or -CO-0-A°. wherein R°, R°\ R^^. R*^. R°*. R**^, R*^ and Ar have the same meanings as defined herein- 
after. 

Specif k; examples of an ackJ-decomposable groups suitable for the resin include a silyl ether group, a cumyl ester 
group, an acetal group, a tetrahydropyranyl ether group, a tetrahydrcpyranyl ester group, an enol ether group, an enol 
50 ester group, a t-alkyi ether group, a t-alkyi ester group and a t-alkyi cartx>nate group. Of these groups, a t-alkyi ester 
group, a t-alkyi cartwnate group, a cumyl ester group, an acetal group and a tetrahydropyranyl ether group are preferred 
over the others. 

As a mother resin to which those actd-decomposatrfe groups are attached as side chains, alkali-soluble resins hav- 
ing -OH groips or -COOH groups, preferably -R°-COOH or -Ar-OH groups, in their side chains are exemplified, which 
55 are described bek^w in detail. 

It is desirable for those alkali -soluk)le resins tfiat their dissolution rates in an alkali be at least 170 A/second, partic- 
ularly preferably at least 330 A/second, when measured with 0.261 N telramethylammonium hydroxide (Th/IAH) at 23'*C. 

Further, it is desirable from the viewpoint of achieving a rectangular profile to use an alkali-soluble resin having a 
high transmissivity for far ultraviolet light or excimer laser beam. More specifically, when an alkali-solut)le resin is formed 
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into a 1 Mfn-thickfilm, rt is desirable for the resin film to have a transmissivity of from 20 to 90 % at 248 nm. 

Exanples of the alkali-soluljle resins particularly advantageous from the foregoing viewpoint include homo- and 
copolymers of o-. m- and poly(hydroxystyrenes). a hydrogenated poly(hydroxystyrene). a halogen- or alkyl-substituted 
poly(hydroxystyrene). a partially O-alkylated or O-acylated poly(hydroxystyrene). a styrene-hydroxystyrene copolymer. 

5 an a-methylstyrene-hydroxystyrene copolymer and a hydrogenated novolak resin. 

The resin used in the present invention, which has ackJ-deconposable groups, can be prepared, as disclosed in 
European Patent No. 0.254.853. JP-A-02-25850. JP-A-03-223860 and JP-A-04-251259, by reacting a precursor of the 
ackJ-deconposaWe group with an alkali -soluble resin, or by copolymerizing an acid<lecomposable group-attached 
monomer and other various nrx>nomers including a nDonomer containing an aIkall-solut>le group. 

10 Specific examples of an acid-decomposable group-containing resin used in the present invention are illustrated 
below, but these examples should not be construed as limiting the scope of the present invention. 
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-(CH-CHz) — (CH- CH2>- 




-fCH-CHz)— (CH- CH2)- 



OtBu , . , OH 
■ (O 




-(CH-CH2> 



-fCH-CH2)- -(CH-CH2)- 



-(CH-CH2^- 



O-C-O-tBu OH 
II 

O (iii) 



O-CH-O-CH3 OH 



CH3 (iv) 

-fCH-CHz) fCH-CH2)- -<CH-CH2) (CH-CH2^- 



0-CH2-C-0-tBu 
II 
O 

(v) 



9 

OH 





CH3 



0-CH2-C-0-tBu 
II 
O 
(vi) 



OH 



~iCR - CH2>-eCH - CH2)-(CH- CH2^- -(CH- CH2)— (CH - CH2)- 



CO 



OH 



OH 



0-CH2-C-0-tBu 
II 

o 

(vii) 



OH 

b-CH2-C-0-tBu 
II 
O 



(viii) 



-(CH-CH2)- 



(ix) 



iCH-CH2)- 
,0H 
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-fCHeCH) — CH3 



CH3 ^ 



OH 



(X) CH3 

-(CH-CH2)- -iCH — 

COOCH3 COOCH3 




-iC-Cllzf— 
CH3 



COO- 



/CH3 
-\(C-CH2)— 
'C00-< 




CH3 



(xi) 



CH3 



CH3 



-(CH2-c^ 



C00-CH2 



coo 




(xiii) 



— (CH-CH2) (CH-CH2) fCH-CH2)- 

o . o o 



OH 

O-CHz-C-O-tBu 
II 
O 



(xiv) 



-(CH-CH2)- 




fCH- CH2)— (CH- CHt— 
CN CN 




(XV) 



O-CH-O-C2H5 OH 
CH3 
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-(CH-CH2) (CH-CH2) (CH-CHt- 



10 



15 



SO 



30 



35 



40 



45 



I I 

CN CN 



(xvi) 



OtBu OH 

— (CH-CH23 (CH-CHa) (CH- CHt" 

x^C^ r/^^ CN CN , 

o o 

OH 

O-CHz-C-O-tBu 
II 
O 



CH3 

-(CH-CH2) fCHz - C)- 

2s COO-CH2CH2-OH 



O 



(xviii) 



(xix) 



OtBu 

-iCK ~ CH2) (CH- OH) (CH - CUr- 

fA) O^N^o O^N^O 

^ ^ 0 

0-C-OtBu OH 
II 
0 

-iCH- CH2) (CH- CH) eCH- CH)— 

(Q] O^N-^O O^N^O 

^ (6] ^ 




0-CHz-C-O-tBu 
O 
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CH3 

-fCH-CHz) — (C-CH2)— 
COO-tBu 



iCH-CHz)— 



o 



OH (xxi) 



0-CH-0-C4H9t OH (xxii) 
CH3 



-iCB-CBz) (CH-CHz^ 

O [Q 

OH 



— (CH-CH>- 
0*^N-^0 



CH3 



(xxiii) 



0-CH2-C-0-tBu 
II 
O 



CH3 CH3 
-(C-CH2)— ~fC-CH2>— 

COO-tBu C00-CH2'\^t\ 



tCH-CH2)- 



(xxv) 



(xxiv) 




0-CH 



CH3 



When the number of acid-decomposable groups contained in a resin is denoted by B and the number of alkali-sol- 
uble groups present in the resin which are protected by acid-deconrposable groups Is denoted by S, the content of acid- 
decomposable groups is represented by B/{B+S) . The suitable content is from 0.01 to 0.5. preferably from 0.05 to 0.40. 
and more preferably from 0.05 to 0.30. The content range of greater than 0.5, B/(B+S) > 0.5 , is undesirable because 
the fflm shrinkage after PEB (Post Exposire Bake), poor adhesion to a substrate and scumming are generated. The 
content range of smaller than 0.01, B/(Bi-S) < 0.01 . is undesirable because stationary waves remain on the pattern 
sidewalK 

The weight average molecular weight (Mw) of the resin having acid<lecomposable groups is preferably in the range 
of 2,000 to 200,000. When Mw is less than 2.000, the reduction of film thickness in the unexposed area by development 
becomes great; while, when Mw is nriore than 200.000. the dissolution rate of the resin itself in an alkali becomes slow 
to lower the sensitivity. It is thus prefenred that the Mw of the resin be in the range of 5.000 to 100.000. especially 8,000 
to 50.000. It is desirable for the resin to have the dispersion degree (Mw/Mn) of 1 .0 to 4.0. preferably 1 .0 to 2.0. partic- 
ularly preferably 1 .0 to 1 .6. The smaller the dispersion degree of a resin is, the better heat resistance and image forming 
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characteristics (pattern profile, defocus latitude, etc.) the resin can provide. 

Therein, the weight average molectJiar weight is defined as the value determined by a polystyrene-converted value 
of gel permeation chromatography. 

Further, the resins which have acid-deconposable groups may be used alone or as a mixture of two or more 
thereof. These resins are used in a proportion of from 40 to 99 weight %, preferably from 60 to 95 weight %, based on 
the total weight of the photosensitive composition (excepting a coating solvent). Furthermore, the resins may be used 
in the form of mixture with an alkali-soluble resin having no acid-decomposaWe group in order to control the solubility 
in an alkali. 

Preferat)ly, an add-decomposable dissolution-inhibiting low molecular compound as described hereinafter is 
admixed with the aforementioned combination of the add generator and the resin having add-decomposable groups. 

In such a case, the dissolution inhibiting compound is added in a proportion of from 3 to 45 weight %. preferably 
from 5 to 30 weight %, and more preferably ftom 1 0 to 20 weight %, based on the total weight of the photosensitive com- 
position (excepting a coating solvent). 

4. Alkali-Soluble Resins usable in the Invention : 

In the present invention, it is desirable to use resins which are insoluble in water but soluble in an aqueous alkali 
solution (simply called an alkali^luble resins). 

Specific examples of an alkali-soluble resins used in the present invention include a novolak resin, a hydrogenated 
novolak resin, an acetone-pyrogallol resin. poly(o-hydroxystyrene). poly(m-hydroxystyrene), poly(p-hydroxystyrene). 
hydrogenated polyhydroxystyrene. halogen- or alkyl-substituted polyhydroxystyrene. hydroxystyrene-N-sul>stituted 
maleimide copolynriers, o/p- and myt>-hydroxyslyrene copolymers, polyhydroxystyrenes whose OH groups are partially 
alkylated [e.g., polyhydroxystyrene whose OH groups are methylated in a proportion of 5-30 mole %, polyhydroxysty- 
rene whose OH groups are (1 -mettioxy)ethylated in a proportion of 5-30 mole %. polyhydroxystyrene whose OH groi4>s 
are (1-ethQxy)ettiylated in a proportion of 5-30 mole%, polyhydroxystyrene whose OH groi^K are 2-tetrahydropyran- 
ylated in a proportion of 5-30 mole %, polyhydroxystyrene whose OH groups are (t-butaxycaitx>nyOmetiTylated in a pro- 
portion of 5-30 nrK)le%]. polyhydroxystyrenes whose OH groups are partially acylated [e.g., polyhydroxystyrene whose 
OH groups are acetylated in a proportion of 5-30 nK)le%, polyhydroxystyrene whose OH groups are (t-butoxy)cartx)n- 
ylated in a proportion of 5-30 mol%]. styrene-maleic anhydride copolymers, slyrene-hydroxystyrene copolymers, a- 
methylstyrene-hydroxystyrene copolymers. cartKtxyl group-containing methacrylic resins and derivatives thereof, but 
these examples should not be construed as limiting on the scope of the present invention in any way. 

Of tiiose alkali-soluble resins, a novolak resin. poly(o-hydroxystyrene), poly(m-hydroxystyrene), poly(p-hydroxysty- 
rene). copolymers of these hydroxystyrenes. alkyl-substituted polyhydroxystyrene. partially O-alkylated or O-acylated 
polyhydroxystyrene, a slyrene-hydroxyslyrene copolymer and an a-methylstyrene-hydroxystyrene copolymer are pre- 
ferred in particular. Ttie novolak resin as described atxwe can be obtained using specified monomers as main compo- 
nent and subjecting them to the addition condensation reaction with akJehydes in the presence of an addic catalyst 

As the specified monomers, aromatic hydroxy compounds, such as phenol, cresols (e.g., m-cresol. p-cresol and o- 
cresol). xylenols (e.g.. 2,5-xyIenol, 3.5-xylenol. 3,4-xylenol and 2,3-xylenol), alkylphenols (e.g.. m-ettiylphenol. p-ethyl- 
phenol, o-ethylpheno1, p-t-buty^)henol. p-octylphenol and 2,3.5-trimethylphenol). altoxyphenols (e.g., p-methoxyphe- 
nol. m-m^hoxyphenol. 3,5-dimethoxyphenol. 2-methoxy-4-methylphenol, m-etfioxyphenol, p-ethoxyphenol, m- 
propoxyphenol. p-propoxyphenol, m-butoxyphenol and p-txJtoxyphenol). bisalkylphenols (e.g., 2-methyl-4-isopropyI- 
phenol), nrvchlorophenol, p-chlorophenol. o-chlorophenol, dihydroxybiphenyl, bisphenol A. phenylphenol, resordnol 
and naphthol. can be emptoyed alone or as a mixture of two or more thereof. However, these examples should not be 
considered as limiting on the scope of the invention. 

Specific examples of aWehydes which can be used in the present invention include formaldehyde, paraformalde- 
hyde, acetakJehyde, propionaWehyde. benzaldehyde. phenylacetaWehyde. a-phenylpropyl aWehyde. p-pheny^ropyl 
aWehyde, o-hydroxybenzaWehyde. m-hydroxybenzakJehyde, p-hiydroxybenzaklehyde. o-chlorobenzaWehyde, m-chlo- 
robenzakJehyde. p-chtorobenzaldefiyde, o-nitrobenzakJehyde, nvnitrobenzaldehyde. p-niti-obenzaWehyde, o-methyl- 
benzaldehyde, m-mettiylbenzaldehyde. p-methylbenzaWehyde. p-ethylbenzaldehyde, p-n-butylbenzaldehyde, furfural, 
chloroacetakiehyde and acetal compounds thereof, such as chioroacetaUehyde diethylacetal. Of these aldehydes, for- 
maldehyde is preferably used. 

Those akiehydes can be used alone or as a mixture of two or more thereof. As the ackJic catalyst which can be 
used in the present invention, hydrochloric acid, sulfuric acid, formic acid, acetic add arxJ oxalic acid can be preferat)ly 
used. 

It is desirable for the novolak resins obtained in the foregoing manner to have their weight average molecular weight 
of 1 .000 to 30,000. When the weight average molecular weight is lower tiian 1 ,000, a decrease of film thickness due to 
development is too great in the unexposed area; while, when it is more than 30.000, the development speed becomes 
low. In particular, the range of 2,000 to 20.000 is desirable for the weight average molecular weight of a novolak resin 
used. 
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As the foregoing alKafi-soluble resins other than novolak resins, such as polyhydroxystyrenes, the derivatives 
thereof and hydroxystyrene copolymers, it is desirable for their weight average molecular weight to be at least 2,000. 
preferably from 5,000 to 200,000, more preferably from 1 0,000 to 1 00,000. From the viewpoint of enhancing heat resist- 
ance of a resist f Om, it is advantageous for such the resin to have a weight average nriolecular weight of at least 25,000. 
5 Additionally, the weight average molecular weight is d^ined as the value determined by a polystyrene-converted 

value of gel permeation chromatography. 

Those alkali-soluble resins as described at)0ve may be used as a mixture of two or more thereof. The proportion of 
alkali-soluble resins used is from 40 to 97 weight %. preferably from 60 to 90 weight %, based on the total weight of the 
photosensitive composition (except a coating solvent). 

10 

5. Low Molecular Acid-decomposat)le Dissolution Inhibiting Compound used in tiie Invention : 

In the present invention, it is preferable to use a low nx)lecular acid-decomposat)le dissolution inhibiting compound. 
The add-decomposable dissolution inhibiting compourd used in the present invention is a compound having such 
75 a structure tfiat at least two acid-deconposat»le groups are present therein and at least 8 borxJing atoms, except the 
atoms contained in the ackJ-deconposable groups, lie between the two acid-decomposat)le groups located most 
remotely from each other. 

In particular, it is desirat)le for the acickJecomposat)le dissolution inf^biting compounds used in the present inven- 
tion that at least two acid-decomposat)le groups be present therein and at least 10 bonding atoms. preferat»ly at least 

20 11 borxJing atoms, more preferat)ly at least 12 bonding atoms, except the atoms contained in the acid-deconposatjle 
groups, lie between the two acid-decorTposat)le groups located vnosX renwtely from each other; or at least three add- 
decorrposable groups be present therein and at least 9 bonding atoms, preferably at least 10 bonding atoms, nx>re 
preferably at least 1 1 tending atoms, except the atoms contained in the add-decomposatrfe groups, lie between the 
two acid-decomposat)le groups located most remotely from each other. Further, the upper limit of tiie number of the 

25 aforesaid tending atoms is preferably 50. more preferably 30. 

When an acid-decomposable dissolution inhibiting compound h^ at least 3. preforat>ly at least 4, acid-decompos- 
afc)le groups, and even when it has two acid-decomposable groups, its ability to inhibit the dissolution of an alkali-solut)le 
resin is remarkat)ty enhanced by locating those acid-decomposable groups at a certain definite distance or longer. 
Additionally, the distance between acid-decomposable groups in the present invention is expressed in terms of the 

30 number of borxling atoms via which one acid-deconrposable group is connected to the other acid<lecomposable group. 
For instance, the distance between add-decomposable groups in each of the following Compounds (1) and (2) is rep- 
resented by 4 bonding atoms; while tiiat in the following Compound (3) is represented by 12 bonding atoms: 



35 2 3 



40 



45 



50 
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55 

Acid-deconposable groups: -CCXD-A°. -OB° 

In addition, the acid-deconfposat>le dissolution inhibiting compound used in the present invention may have two or 
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more add-decomposable groups on one benzene ring. However, the present invention prefers a compourxJ having a 
skeleton in which each benzene ring has thereon one acid-decomposable group. Further, it is desirable for the acid- 
decomposaWe dissolution inhibiting compound used in the present invention to have a molecular weight of 3.000 or 
less, preferably from 500 to 3.000. more preferably from 1 .000 to 2.500, 
5 In preferred embodiments of the present Invention, the moieties containing acid-decomposat)le groups of formula 

-COO-A° or -O-B** are those represented by formulae -R°-COO-A° and -Ar-0-B°. respectively 

Herein. represents a group of formula -C{RO^)(R02)(r03), -Si(R0i)(RO2)(RO3) .c(r04)(r05)^r06. ^ep. 
resents A° or -CO-O-A^ 

R°^. R°^. R^ and ffl^ may be the same or different, and each represents a hydrogen atom, an alkyi group, a 

10 cydoalkyi group, an alkenyl group or an aryl group; and R°® represents an alkyI groip or an aryl group: provided that 
at least two among R°\ R**^ and R°^ are groups other than a hydrogen atom. Further, two among R^^ R*'^ and R^ 
may coiTt)ine with each other to complete a ring, and two anrwng R*^. R°^ and PP^ may also combine with each other 
to conplete a ring. R° represents an unsubstituted or siA>slituled divalent aliphatic or aromatic hydrocaitxjn group, and 
-Ar- represents a monocyclic or polycydic. unsubstituted or substituted, aromatic group having at least two valency 

15 Therein, suitable examples of an alkyl group include tfiose containing 1 to 4 cartoon atoms, such as a methyl group, 
an ethyl group, a propyl group, a n-butyl group, a sec-butyl group and a t-butyl group; suitaWe examples of a cydoalkyi 
group Include those containing 3 to 10 cartx)n atoms, such as a cyctopropyl group, a cydobutyl group, a cydohexyl 
group and an adamantyl group; suitable examples of an alkenyl group indude those containing 2 to 4 carbon atoms, 
such as a vinyl group, a propenyl group, an allyl group and a butenyl group; arxl suitable examples of an aryl group 

20 include those containing 6 to 1 4 carbon atoms, such as a phenyl group, a xylyl group, a tduyl group, a cumenyl group, 
a naphtfiyl group arxi an arrthryl ^oup. 

Exarrples of a substituent lor the groups as descrtoed above include a hydroxy group, halogen atoms (ag, fluorine, 
chlorine, bromine, iodine), a nitro group, a cyano group, the alkyl groups as described alMve. alkoxy groups (ag., meth- 
oxy. ethoxy, hydroxyethoxy, propoxy, f^roxypropoxy. n-butoxy. isobutoxy. sec-butoxy. t-butoxy), alkoxycartxjnyl groi^js 

25 (ag., methoxycarbonyl, ethoxycartx)nyl), aralkyi groups (e.g., benzyl, phenetyl. cumyl). aralkyloxy groups, acyl groups 
(ag.. formyl. acetyl, butyryl, benzoyl, cinnaniyl. valeryO. acyloxy groups (e.g.. butyryloxy). the alkenyl groups as 
described above, alkenytoxy groups (e.g.. vinyloxy, propenyloxy. allyloxy, butenyloxy). the aryl groups as described 
above, aryloxy groups (ag., phenoxy). and aryloxycarbonyl groups (e.g.. benzoyloxy). 

Suitat>le examples of those add-decomposaWe groups include a silyl ether group, a cumyl ester group, an acelal 

30 group, a tetrahydropyranyl ether group, an enol ether group, an end ester group, a t-alkyl ether group, a t-alkyi ester 
group and a t-alkyl cariDonale group. Off these groups, a t-alkyl ester group, a t-alkyl cartwnate group, a cumyl ester 
group and a tetrahydropyranyl ether group are preferred over the others. 

Exanrples of an acid-decomposable dissdution inhibiting compound which can be used in the present invention 
include the compounds obtained by borxJing part or all of phenolic OH groups of the polyhydroxy compounds described 

35 below with the groips as described above, or -R°-COO-A^ or B° groups, to protect the OH groups. Examples of tfrase 
polyhydroxy compounds indude conpounds descrit>ed in JP-A-0 1-289946. JP-A-01 -289947, JP-A-02-2560. JP-A-03- 
128959. JP-A-03-1 58855. J P-A-03- 179353, JP-A-03-191351. JP-A-03-200251 . JP-A-03-200252. JP-A-03-200253. 
JP-A-03-200254. JP-A-03-200255. JP-A-03-259149, JP-A-03-279958. JP-A-03-279959. JP-A^4-1650, JP-A-04- 
1651, JP-A-04-11260. JP-A-04-12356, JP-A-04-12357. and Japanese Patent Application Nos. 3-33229. 3-230790. 3- 

40 320438. 4-25157. 4-52732. 4-103215. 4-104542. 4-107885. 4-107889 and 4-152195 are specific examples thereof. 

Of those acid<lecomposat)le d'esolution inhibiting conpounds. those obtained by using the polyhydroxy com- 
pounds described in JP-A-01 -289946, JP-A-03-128959. JP-A-03-1 58855, JP-A-03-1 79353. JP-A-03-200251 , JP-A-03- 
200252. JP-A-03-200255. JP-A-03-259149. JP-A-03-279958. JP-A-04-1650. JP-A-04-11260. JP-A-04-12356, JP-A- 
04-12357. and Japanese Patent Application Nos. 4-25157. 4-103215. 4-104542. 4-107885. 4-107889 and 4-152195 

45 are preferred- 

I More specifically, the compounds illustrated by the formulae [1] to p(VI] respectively are suitable exanples of add- 
pecomposat>le dissolution inhibiting compounds. 

50 
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C-E 

r1«),1 ^145 



[XI] 



r146 r 



147 



147 R 



146 




146 



[xnj 



pioi pi02 pio8 gp^j pi30 fYiay 33p^g Of different, and each represents a hydrogen atom. -R^-COO- 

C(R°^)(R°^)(R^) or -CO-0-C(R°^)(R°^(R°^). wherein R°. R°^ . R**^ and R°^ have the same meanings as defined here- 
inbefore, respectively. 
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R^°** represents -CO-, -CCX>. -NHCONH-, -NHCOO-. -0-, -SO. -SO2-. -SO3-. or 




wherein G is from 2 to 6, provided that at least one of ^ and R^^^ is an alkyi group when G is 2; R^^ and R^^^ may 
be the same or different, and each represents a hydrogen atom, an alkyi group, an alkoxy group, -OH, -COOH, -CN. a 
halogen atom. -R^^2_qqor153 .r154.oh; r^^s pi54 represents an alkylene group; and R^^ represents a 
hydrogen atom, an alkyi group, an aryl group or an aralkyi group 

r99 r103 ^ R107^ R109^ r111 ^ r118^ r121 ^ r123 r128 p129 ^131 ^ r134 r138 ^ r141^ r143 ^e the 

same or different, and each represents a hydrogen atom, a hydroxy group, an alkyi grotp, an alkoxy group, an acyl 
group, an acytoxy ^up, an aryl group, an aryioxy group, an aralkyi group, an aralkyloxy group, a halogen atom, a nitro 
group, a carboxyl group, a cyano group or -N(R^^(R^^) (R^^, R^^: H, an alkyi group or an aryl group). 
R^^° represents a single bond, an alkylene groip or 




wherein R^^ and R^^ may be the same or different, and each represents a single bond, an alkylene group. -0-. -S-, - 
CO -or a carboxyl group; and R^^ represents a hydrogen atom, an alkyi group, an alkoxy group, an acyl group, an acy- 
loxy group, an aryl group, a nitro group, a hydroxy group, a cyano group or a cartx>xyl group, wherein the hydroxy group 
may be replaced by an acid-deconrposable group (such as t-butoxycarbonylmethyl, tetrahydropyranyl. 1 -ethoxy-1 -ethyl 
or 1 -t-butoxy-l -ethyl). 

R^^^ and R^^*^ may be the same or different and each represents a methylene group, a lower alkyl-substituted 
methylene group, a halomethylene groi^) or a haloalkylene group, wherein the low^ alkyi group represents an alkyi 
group containing 1 to 4 cart>on atoms. 

R^24 to r127 ^ gan^g Qf cfifferent, and each represents a hydrogen atom or an alkyi group. 

R^^^ to R^^^ may be the same or cfifferent, and each represents a hydrogen atom, an alkyi group, an alkoxy group, 
an acyl group or an acyloxy group. 

R^'^^ represents a hydrogen atom, -R°-COO-C(R0^)(R02)(r03), .cO-0-G(R°^)(R°^(R°3). or the group of formula; 




wherein the mark (*) mearis the site to which -O- is linked. 

R^"*^ and R^"^ may be the same or different, and each represents a hydrogen atom, a lower alkyi group, a lower 
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haloalkyi g-oup or an aryl group. 

R^'^ to R^"*^ may be the same or different, and each represents a hydrogen atom, a hydroxy groip. a halogen 
atom, a nitro group, a cyano group, a cartx>nyl group, an alkyi group, an alkoxy group, an alkoxycartwnyl group, an 
aralkyl group, an aralkylo^ group, an acyl group, an acyloxy group, an alkenyl group, an alkenyloxy group, an aryl 
5 group, an aryloxy group or an aryloxycartwnyl group, wherein each set of four subslituents denoted by the same symbol 
may not be the same as one another so far as they are included in the groips described above. 

Y represents -CO- or -SO2-. 

Z and B each represents a single bond or -0-. 

A represents a methylene group, a lower alkyl-substituted methylene group, a halomethylene group or a 
w haloalkylene group. 

E represents a single txxxJ or an oxymethylene group. 

When a to z and a1 to y1 are each two or more, parenthesized groups may be the same or different. 

atoq, s,tv,g1 toi1.k1 tomi, o1.q1,s1, and u1 each represents 0 or an integer of 1 to 5; 
15 r, u, w, X, y, z, a1 tofi, pi, r1. t1, and v1 toxl each represents 0 or an integer of 1 to 4; 

j1 , n1 , z1 , a2. b2, c2 and d2 each represents 0 or an integer cf 1 to 3; provided that at least one of z1 , a2, c2 and 
d2 Is 1 or nfxjre; and 

y1 represents an integer of 3 to 8: provided that a4te2, e+i-¥g^2 , k-fl-Hn^2 , q+r+s^2 , w+x+y^2 , c1-kI12:2 , 
g1+h1+41+j1^2, ol4p1^!2, s1+t15t2. j1+n1^, r+u^, w+z^, x+a1^, y-ib^<A, c1+e1^, d1+f1^, p1+r1^, 
20 t1+v1^, x1+w1^, but w+z^ and x+als5 in the formula [V]. a+c<5, b+d^, e+h^, f+i^, g+j^. k+n^, l+o^, 
rrnp^. q+t^. s+v^, g1+kl!S5, hl+il^, i1+m1^. ol-Kil^ and s1+u1^- 
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45 wherein R^^ represents an organic group, a single bond. -S-, -SO- or -SO2-; VO^^ represents a hydrogen atom, a 
nrmncvalent organic group, or a group of the following formula. 
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wherein X represents a divalent organic group; R^^ to fO^^ may be the same or different, and each represents a hydro- 
gen atom, a hydroxy group, a halogen atom, an alkyi group, an alkoxy group, an alkenyl group, -0-R°-COO- 
C(R°^)(R°^(R°^) or -OC(>0-C(R°M(R*^(R°^). provided that at least two of them represents -0-R°-COO- 
C(R°^)(R°^(R^) or -0-CO-0-C(R°^)(R°^(R°^). but each set of four or six substHuents denoted by the same syntx)! 
may not be the same groip so far as they are included in the groups recited above; and e2 is 0 or 1 . 




(XIV) 



wherein R^^^ to R^^° may be the same or different, and each represents a hydrogen atom, a hydroxy group, a halogen 
atom, an alkyI group, an alkoxy group or an alkenyl group, txit each set of 4 or 6 SL4)strtuents denoted by the same sym- 
bol may not be the same group so far as they are included in the groups recited above; R^^^ and R^ ^ each represents 
a hydrogen atom, an alkyI group or a group of formula 

^167 r168 

at least two of R^^^ groups represents -0-R°-COO-C(RO^)(R°^)(R^) or -0-CO-0-C(RO^)(R°^(R^) and the rest of 
them represents hydroxy groups; f2 and h2 each r^esents 0 or 1 ; and g2 represents 0 or an integer of 1 to 4. 
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(XV) 



wherein to may be the same or different, and each represents a hydrogen atom, a hydroxy group, a halogen 
atom, an alkyi groip. an alkoxy group, a nitro group, an alkenyt group, an aryl group, an araikyi group, an alkQxycartx>nyl 
group, an arylcartK>nyt group, an acylcxy group, an acyl group, an araikyloxy group or an aryloxy group, and wherein 
each set of six substituents denoted by the same symtxM may not be the same so far as they are included in the groups 
recited above; at least two of R^^^ groups represents -0-R*'-CO(>C(R°^)(R*^(R°^) or -O-CO-O-C(R°^)(R°2)(r03) and 
the rest of them represents hydroxy groups. 




(XVI) 



wherein the substituents denoted by R^^ each represents a hydrogen atom or an alkyI group, and all of them may not 
be the same; the substituents denoted by R^^ to R^^ each represents a hydroxy groLp, a fiydrogen atom, a halogen 
atom, an alkyI group or an alkoxy group, tait each set of three substituents denoted by the same symbol may not be the 
same so far as they are included in the groups recited atx)ve; and at least two of the substituents denoted by fO^^ rep- 
resents -O-R°-COO-C(R°^)(R°2)(r03) or -O-CO-O-C{R°^)(R°^(r03) and the rest of them represents hydroxy groups. 

Specific examples of a sultat)le compound skeleton are illustrated below, wherein the mark (*) means the site to 
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R groups in each of Compounds (1) to (63) represents a hydrogen atom, -CH2-COO-C(CH3)2C6H5, -CHg-COO- 
C4H9(t). -COO-C4H9(t) or 
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provided that at least two of the R groups, or three of them depending on the structural condition, are groups other than 
hydrogen atom. The sut>stituents represented by R, other than hydrogen, may not be the same group so far as they are 
irKluded in the groups described above. 

When the foregoing acid-decomposable dissolution inhibiting compourxl is used in combination with an acid gen- 
erating compound and an alkali-soluble resin, the proportion thereof is from 3 to 50 weight %. preferat>ly from 5 to 40 
weight %. more preferably from 10 to 35 weight %. based on the total weight of the photosensitive composition (except 
a coating solvent). 

6. Other Ingredients used in the Invention : 

The photosensitive composition of the present invention can further contain a dye, a pigment, a piaslicizer, a sur- 
factant, a photosensitizer. an organic basic compound and a compound having at least two phenolic OH ^oups to pro- 
mote dissolubility in a developer, if needed. 

For the conrpound having at least two phenolic OH groups which can be used in the present invention, it is desira- 
ble to be a phenolic compound having a molecular weight of no higher than 1,000. Such the phenolic compound is 
required to have at least two phenolic OH groups in the molecule, but it loses its effect on improvemerrt in development 
latitude when the number of phenolic OH group>s contained tiierein is nrx>re than 10. Further, when the ratio between 
phenolic OH groups and aromatic ring(s) is less than 0.5 in the phenolic compound, the film thickness dependence 
shows an increasing tendency and the development latitude shows a narrowing tendency. In addition, it is also undesir- 
at)le that the foregoing ratio is greater tfian 1.4, because the photosensitive composition containing such the phenolic 
compound undergoes deterioration in stability to make it difficult to achieve high resolution and satisfactory film thick- 
ness dependence. 

For the phenolic compounds usable in the present invention, it is desirable to be added in a proportion of 2 to 50 
weight %. preferably 5 to 30 weight %, to an alkali-soluble resin used together. The addition thereof in a proportion of 
higher than 50 weight % is undesirable because it aggravates development-residue trouble and newly causes pattern 
deformation upon development. 

Those phenolic compounds having molecular weight of 1.000 or less can be prepared with ease by reference to 
the methods described in. e.g.. JP-A-04- 122938, JP-A-02-28531. U.S. Patent 4.916.210 and European Patent 
0.219.294. 

Specific examples of such the phenolic compound as mentioned above include the compounds descnl>ed below, 
but these examples are not to t)e considered as limiting on the scope of compounds usable in the present invention. 

Specifically, examples of the phenolic compounds include resordn, phtoroglucin. 2.3.4-trihydroxyt>enzophenone. 
2,3.4.4'-tetrahydroxybenzophenone. 2.3.4,3\4'.5'-hexahydroxyl>enzophenone, acetone-pyrogallol condensed resin. 
2.4,2\4*-biphenylteb'a-ol, 4,4'-thiobis(1,3-dihydrQxy)benzene, 2,2'.4.4'-tetrahydroxydiphenyl ether, 2.2'.4.4'-tetrahydrox- 
ydiphenyi sulfoxide. 2,2*,4.4Metrahydroxydiphenyl suHone. tris(4-hydroxyphenyl) methane, 1.1-bis(4-hydroxyphe- 
nyl)cyclohexane. 4,4*-(a-methylbenzyiidene)bisphenol, a,a'.a"-ti-is(4-hydroxyphenyl)-1,3.5-triisopropylbenzene. 
a.a.a"-tris(4-hydroxyphenyl)-1-ethyI-4-isopropyll>enzene, 1,2,2-tris(hydroxyphenyOpropane, 1,1.2-ti-is{3,5-dimethyl-4- 
hydroxyphenyl)propane, 2.2,5.5-tetrakis{4-Mroxyphenyl)hexane. 1 .1 .2.2-tetrakis(4-hydroxyphenyl)ethane. 1 .1 ,3- 
tris(hydroxyphenyl)butane and para[a,a,a'.a-tetrakis(4-hydroxyphenyl)]xylene. 

The organic basic conpounds which can be appropriately used in the present invention are compounds having 
stronger t>asicity than phenol. Of those conpounds, nitrogen-containing k>asic compounds are preferred. 

As exiamples of a desiratrfe chemical environment of nitrogen atom(s) in such a basic compound, mention may be 
made of the structures represented by formulae (A) to (E): 

r2*^-N-r2^2 (A) 



wherein R^^. R^^^ and R^^^ may be tiie same or different, and each represents a hydrogen atom, an alkyi group con- 
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taining 1 to 6 carbon atoms, an aminoalkyi group containing 1 to 6 carbon atoms, a hydroxyalkyi group containing 1 to 
6 cartxxi atoms or a sul>stituted or unsul>stituted aryl group containing 6 to 20 cartwn atoms; 



-N-C=N- (B) 



=C"N^C- (C) 



=C-N- (D) 

R"^-C^N-C-R"*^ (E) 
I I 



wherein R^^. R^^. R^^ and may be the same or different, and each represents an alky! group containing 1 to 6 
cartx>n atoms. and R^^ may combine with each other to form a ring. 

More appropriate nitrogen-containing basic conpounds are those containing in a nrx^lecule at least two nitrogen 
atoms different in chemical environment. In particular, compounds having in a molecule both a substituted or unsutjsti- 
tuted amino group and a ring structure containing nitrogen atom(s) or compounds having alkylamino groups are pre- 
ferred- The concrete examples of an organic basic compound in the present invention include a sul)stituted or 
unsubstituted guanidine. a sut>5tituted or unsubstituted aminopyridine, a substituted or unsubstrtuted aminoalkylpyrid- 
ine, a substituted or unsubstituted aminopyrrolidine. a substituted or unsubstituted indazole. a sut>stituted or unsubsti- 
tuted pyrazole, a substituted or unsubstituted pyrazine, a sitetituted or ureubstituted pyrimidine. a SL±»stituted or 
unsubstituted purine, a substituted or unsubstituted imidazoline, a substituted or unsubstituted pyrazoline, a substituted 
or unsut)stituted piperazine, a substituted or unsubstituted aminomorpholine. and a siAistituted or unsubstituted ami- 
noalkylmorpholine. Examples of substitoents suitable for the conpounds as described above include an amino group, 
an aminoalkyi group, an alkylamino group, an aminoaryl group, an arylamino group, an alkyi group, an alkoxy group, an 
acyl group, an acylcxy grotp. an aryl group, an aryloxy group, a nitro group, a hydroxyl group and a cyano group. Exam- 
ples of specifically prerably basic compounds include guanidine, 1 , 1 -dimethyl-guanidine, 1 . 1 ,3,3-tetramethyIguanidine, 
2-aminopyridine. 3-aminopyridine, 4-aminopyridine. 2-dimetfiylaminopyridine, 4-dimethylaminopyridine. 2-diethylami- 
nopyridine. 2-(aminomelhyl)pyridine. 2-amino-3-methylpyridine, 2-amino-4-melhylpyridine, 2-amino-5Hmethylpyridine. 
2-amino-6-mettiylpyrkJine, 3-aminoethylpyridine, 4-aminoethylpyridine. 3-aminopyrrolidine, piperadine. N-(2-aminoe- 
thyOpiperadine. N-(2-aminoethyI)piperidine, 4-amino-2,2.6,6-tetramethylpiperidine, 4piperizinopiperidine. 2-iminopipe- 
ridine, 1 -(2-aminoetiiyl)pyrrolidine, pyrazole, 3-amino-5-methylpyrazole, 5-amino-3-methyl-1-p-tolylpyrazole, pyrazine. 
2-(aminomethyl)-5-methylpyrazine, pyrimidine, 2.4-diaminopyrimidine. 4.6-dihydroxypyrimidine. 2-pyrazoline, 3pyrazo- 
line, N-aminomorpholine and N-(2-aminoethyl)morpholine. However, basic conrpounds usat)le in the present invention 
should not be construed as being limited to the compounds recited atXTve. 

Those nitrogen-containing k>asic compounds can be used alone or as a mixture of two or more tiiereol The anrount 
of nitrogen-containing basic compound(s) used is generally from 0 001 to 10 parts by weight, preferably from 0.01 to 5 
parts by weight, per 100 parts by weight erf the photosensitive composition (except a solvent). When such the com- 
pounds are added in an amount of less than 0.001 part by weight, they cannot bring about their effect; while, when the 
addition amount thereof is more than 10 parts by weight, they tend to lower the sensitivity and deteriorate tiie develop- 
ability in unexposed areas. 

As suitable dyes, oily dyes and basic dyes are used. Specific examples of the dyes indude Oil Yellow #101. Oil Yel- 
low #1 03. Oil Pink #312. Oil Green BG. Oil Blue BOS. Oil Blue #603. Oil Black BY, Oil Black BS. Oil Black T-505 {which 
are products by Orient Kagaku Kogyo Co., Ltd.), Crystal Violet (CI42555). Methyl Violet (CI42535). Rhodamine B 
(CI45170B). Malachite Green (CI42000) and Methylene Blue (CI52015). 

Further, the spectral sensitizers as described below are added for sensitizing to the wavelengths at which the pho- 
toacid generator used has no spectral absorption, that is, wavelengths longer than far ultraviolet region, and thereby it 
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becomes possible to sensitize to i- or g-line upon the present photosensitive conposition. Specific examples of such 
the spectral sensitizer include benzophenone, p.p'-tetramethyWiaminobenzophenone. p^p'-tetraethyletfiylaminobenzo- 
phenone, 2-chlorothioxanthone, anthrone. 9-ethQxyanthracene, anthracene, pyrene, perylene, phencthiazine. benzil, 
Acridine Orange, benzoflavin, Cetoflavin-T 9.10<liphenylanthracene. 9-fluorenone, acetophenone, phenanthrene, 2- 
nitrofluorene, 5-nrtroacenaphthene, benzoquinone. 2-chloro-4-nitroaniline, N-acetyl-p-nitroaniline, p-nitroaniline. N- 
acetyl-4-nitro-1-naphthylamine. picramide. anthraquinone. 2-ethytanthraquinone, 2-tert-butylanthraquinone, 1.2-ben- 
zanthraquinone. 3-methyl-1,3-diaza-1,9-benzanthrone, dibenzalacetone, 1,2-naphthoquinone, 3,3'-cartx>nyl-bis(5,7- 
dimethoxycarbonylcoumarin) and coronene. but these examples should not be construed as lirrtting on the scope of 
spectral sensitizers usable in the invention. 

In addition, those spectral sensitizers can be used as an at>sort>ent for far ultraviolet rays of a light source. Such 
absorbents can reduce the reflected light from a substrate to lessen the influence of multiple reflection inside the resist 
film; as a result, an effect on stationary wave improvement can be produced. 

The ingredients mentioned above are dissolved In a solvent to prepare the present photosensitive composition, and 
coated on a support Suitable examples of a solvent used therein include ethylene dichloride, cydohexanone. cyclopen- 
tanone, 2-heptanone. rbutyrolactone, methyl ethyl ketone, ethylene glycol monometiiyl ether, etiiylene glycol monoe- 
thyl ether, 2-mettTQxyethylacetate, etiiylene glycol monoethylether acetate, propylene glycol monomettiyl ether, 
propylene glycol monomethylether acetate, toluene, ethyl acetate, methyl lactate, ettiyl lactate, methyl methoxypropbn- 
ate, ettiyl ettioxypropionate, methyl pyruvate, ethyl pyruvate, propyl pyruvate, N.N-dimetiTyltormamide, dimethylsulfox- 
ide. N-melhylpyrrolidone and tetrahydrofuran. These solvents are used alone or as a mixture of two or more tiiereof. 

Also, a surfactant may be added to the solvent as described above. Specific examples of such tiie surfactant 
include nonionic surfactants, such as polyoxyethylene alkyi ethers {e.g.. polyoxyettiylene lauryl ether, polyoxyethylene 
stearyl ether, polyoxyethylene cetyl ether, polyoxyetiiylene oleyl ether), polyoxyethylene alkyI aryl ethers (e.g., polyox- 
yethylene octyl phenyl ether, polyoxyethylene nonyl phenyl ether), polyoxyethylene-polyoxypropylene block copoly- 
mers, sorbitan fatly acid esters (e.g.. sorbitan nronolaurale. sorbitan monopalmitate, sorbitan monostearate, sorbitan 
monooleate. sorbitan trioleate, sorbitan tristearate) and polyoxyethylenesorbitan fatty add esters (e.g.. polyoxyelhyle- 
nesofbitan monolaurate. polyoxyethylenesorbitan monopalmitate, polyoxyethylenesorbilan monostearate, polyoxyeth- 
ylenesorbitan trioleate, polyoxyethylenesorbitan tristearate); fluorine-containing surfactants, such as Eflop EF301, 
EF303 and EF352 (commercial names, products of Shin-Akita Kasei K.K.). Megafac F171 and F173 (commercial 
names, products of Dai-Nippon Ink & Chemicals, Inc.), Rorade FC430 and FC431 (commercial names, products of 
Sumitomo 3M Co.. Ltd.), Asahi Guard AG710. Surflon S^82, SC101 . SC102, SC103, SC104, SC105 and SC106 (com- 
merdal names, products of Asahi Glass Company. Ltd.); organosilcxane polymers, such as KP341 (code name of Shi- 
netsu Chemical Co.. Ltd.), and acrylic or methacrylic acid (co)polymers, such as Polyflcw No. 75 and No. 95 
(commercial names, products of Kyoeisha Vlishi Kagaku Kogyo K.K.). The amount of tiiose surfactants added is gen- 
erally not greater tiian 2 parts by weight, preferably not greater than 1 part by weight, per 100 parts by weight of the 
total solids in the composition of the present invention. 

Those surfactants may be added alone or as a mixture of two or more tiiereof. 

The aforementioned photosensitive composition is coated on a substrate as used for the production of predse inte- 
grated circuit elements (e.g., a silicon/silicon dioxide coating) with an appropriate coating means, e.g.. a spinner, a 
coater or so on. exposed to ligfit via a given mask, baked and then developed, thereby providing a satistactory resist 
pattern. 

Exarrples of the developer usak)!e for the present photosensitive composition indude an alkaline aqueous solution 
containing an inorganic alkali such as sodium hydroxide, potassium hydroxide, socfium cartx)nate, sodium silicate, 
sodium metasilicate or aqueous ammonia; a primary amine such as ethylamine or n-propylamine; a secondary amine 
such as dietiiylamine or di-n-butylamine; a tertiary amine such as triethylamine or methyldietiiylamine; an alcohol amine 
such as dimethylethanolamine or triethanolamine; a quaternary ammonium slat such as tetramethylammonium hydrox- 
ide or tetraelhylammonium hydroxide; or a cydic amine such as pyrrole or piperidine. To such the alkaline aqueous 
solution, an alcohol and a surfactant can be added in appropriate amounts. 

EXAMPLE 

The present invention will be illustrated below in more detail by the following examples, but the scope of the inven- 
tion should not be construed as being limited by these examples. 

Synthesis Example 1 

A 45 % water solution of triphenylsulfonium chloride in an anraunt of 19.9 g (0.030 mole) was dissolved in 200 ml 
of ion-exchange purified water. To this solution, a solution containing 8.4 g (0.030 mole) of sodium 3-butoxycartK>nyt- 
benzenesulfonate in 400 ml of ion-exchange purified water was added at room temperature witii stirring. 

The tiius deposited viscoelastic solid was separated by decantation. and washed with 1 liter of ion-exchange puri- 
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fied water. TTie viscoe!astic solid obtained vras dissolved in 100 ml of acetone, and poured into 500 ml of ion-exchange 
purified water with stirring to recrystallize. The obtained recrystallized product was dried at 50**C under vacuum to give 
14.2 g of a glassy solid. This solid was confirmed to be Compound (1-2) of the present invention by NMR measurement. 

5 Synthesis Example 2 

In the same manner as in Synthesis Example 1. except that 8.9 g (0.030 mole) of sodium 3,5-bis(methQxycart>o- 
nyl)benzenesulfonate was used in place of 8.4 (0.030 mole) g of sodium 3-butoxycartx)nyiben2enesulfonate, a glassy 
solid was obtained in an amount of 1 4.8 g. This solid was conf armed to be Compound (1-12) of the present invention by 
10 NMR measurement. 

Synthesis Exanrple 3 

In the same manner as in Synthesis Example 1, except that 9.5 g (0.030 mole) of sodium 3-methoxycarlx>nyl-4- 
15 melhoxynaphthalenesulfonate was used in place of 8.4 g (0.030 mole) of sodium 3-butoxycartxx)ylbenzenesuHonate. a 
glassy solid was obtained in an amount of 15.1 g. This solid was confirmed to be Compound (1-29) of the present inven- 
tion by NMR measurement. 

Synthesis Example 4 

20 

Diphenyliodonium chloride in an amount of 9.5 g (0.030 nrx)le) was dissolved in 200 ml of ion-exchange purified 
water. To this solution, a solution containing 8.9 g (0.030 mole) of sodium 3,5-bis(methoxycarbonyl)benzenesuHbnate 
in 400 ml of ion-exchange purified water was added at room temperature with stirring. The thus deposited vfecoelastic 
solid was separated tjy decantation, and washed with 1 liter of ion-exchange purified water. 
25 The viscoelastic solid obtained was dissolved in 1 00 ml of acetone, and poured into 500 ml of ion-exchange purified 
water with stimng to recrystallize. The obtained recrystallized product was dried at 50**C under vacuum to give 15.2 g 
of a glassy solid. This solid was confirmed to be Compound (11-13) of the present invention by NMR measurement 

Synthesis Exanrple 5 

30 

In the same manner as in Synthesis Example 4. except that 10.4 g (0.030 mole) of sodium 4.5-bis(methoxycartx)- 
nyl)naphthalenesulfonate was used in place of 8.9 g (0.030 mole) of sodium 3.5-bis(methQxycarbonyl)benzenesul- 
fonate, a glassy solid was obtained in an amount of 15.7 g. This solid was confirmed to be Compound (11-26) of the 
present invention by NMR measurement. 

35 

Synthesis Example 6 

4.4'-Bis(t-butylphenyl)iodonium chloride in an amount of 12.9 g (0.030 mole) was dissolved in 400 ml of ion- 
exchange purified water. To this solutbn. a solution containing 12.4 g (0.030 mole) of sodium 9,10-dimelhoxy-7-ethox- 
40 ycarl)onyl-2-anthracenesuHbnate in 400 ml of ion-exchange purified water was added at room tenrperature with stirring. 
The thus deposited viscoelastic solid was separated by decantation. and washed with 1 liter of ion-exchange purified 
water. 

The viscoelastic solid obtained was dissolved in 1 00 ml of acetone, and poured into 500 ml of ion-exchange purified 
water with stirring to recrystallize. The obtained recrystalfized product was dried at 50°C under vacuum to give 20.5 g 
45 of a powder. This solid was confirmed to be Compound (11-35) of the present invention by NMR measurement. 

The other sulfonium and iodonium compounds of the present invention were synthesized in the manners similar to 
the above, respectively. 

Dissolution InhitMtina Conrround Synthesis I : 

50 

To a solution containing 20 g of a.a\a"-tris(4-hydroxyphenyl)-1.3.5-triisopropylbenzene in 400 ml of tetrahydro- 
furan. 14 g of potassium tert-butoockJe was acfcled in an atmosphere of nitrogen, and stirred for 10 minutes at room tem- 
perature. Then. 29.2 g of di-tert-butyldicarlxxiate was further added thereto. In the resulting solution, the reaction was 
run for 3 hours at room temperature. The reaction mixture thus obtained was poured into ice-cokJ water, followed by 
55 extraction of the reaction product with ethyl acetate. Further, the ethyl acetate phase was washed with water, dried and 
then distilled to remove the solvent. The crystalline solid obtained was recrystallized from diethyl ether, and dried. Thus. 
25.6 g of Compound Example 31 (all R groups = t-BOC groups) was obtained. 
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Dissolution Inhibiting Compound Synthesis II : 

To a solution containing 20 g of a,a\a"-tris(4-hydrDxyphenyl)-1 .3,5-trnsopropyIben2ene in 400 ml of diethyl ether, 
31 .6 g of 3,4-dihydro-2H-pyran and a catalytic anx)unt of hydrochloric acid were added In an atmosphere of nitrogen, 
5 and the reaction was carried out therein for 24 hours under reflux. At the conclusion of the reaction, the resultant solu- 
tion was admixed with a small anDount of sodium hydroxide and filtered. The solvent was distilled away from the filtrate, 
and the product obtained was purified by column chromatography, and dried. Thus. Compound Example 31 (all R 
groups = THP groups) was obtained. 

10 Dissolution Inhibttino Compound Svnth^sJli : 

To a solution containing 19.2 g (0.040 mole) of a,a .a"-tris(4-hydroxyphenyI)-1.3,5-triisopropylben2ene in 120 ml of 
N,N-dimethylacetamide were added 21.2 g (0.15 nrxrfe) of potassium cartx)nate and 27.1 g (0.14 mole ) of t-butyl bro- 
moacetate. The resulting solution was stirred for 7 hours at 120**C. The reaction mixture obtained was poured into 1 .5 
15 /of water, and then extracted with ethyl acetata After drying with magnesium sulfate, the extract obtained was concen- 
trated, and purified by column chromato^aphy (carrier: silica gel, developing solvent: ethyl acetate/iri-hexane (3^ by 
volume) mixture). Thus, 30 g of light yellow viscoelastic solid was obtained. This solid was confirmed to be Compound 
Exanrple 31 (all R groups = -CH2COOC4H9(t)) by NMR measurement. 

20 Dissolution Inhibiting Compound Synthesis IV: 

1-[a-Methyl-a-(4'-hydrowyphenyl)ethyO-4-[a\a-bis(4"-hydroxyphen^^ in an anrx>unt of 42,4 g (0.10 

mo\e) was dissolved in 300 ml of N,N-dimethylacetamide. and thereto 49.5 g (0.35 mole) of potassium cart)onate and 
84.8 g (0.33 mole) of cumyl bromoacetate were added. The resulting solution was stirred for 7 hours at 120°C. The 
25 reaction mixture obtained was poured into 2 / of ion-exchange purified water, neutralized with acetic acid, and then 
extracted with etfiyl acetate. The extract obtained was concentrated, and purified in the same manner as in the atxve 
Synthesis ML Thus. 70 g of Conrpound Exanrple 18 (all R groups = -CH2COOC(CH3)2C6H5 groups) was obtained. 

Dissolution Inhibiting Compound Synthesis V : 

30 

To a solution containing 14.3 g (0.020 nrole) of a.a.a',a\a",a"-hexakis(4-hydroxyphenyl)-1.3.5-triethylben2ene in 
120 ml of N,N-dimethylacetamide, 21.2 g (0.15 mole) of potassium cartx>nate and further 27.1 g (0.14 mole ) of t-bulyl 
bromoacetate were added. The resulting solution was stirred for 7 hours at 120**C. The reaction mixture obtained was 
poured into 1.5 / of water, and then extracted with ethyl acetate. After drying with magnesium sulfate, the extract 
35 obtained was concentrated, and purified by column chromatography (earner: silica gel, developing solvent: ethyl ace- 
tate/h-hexane (2^ by volume) mixture). Thus, 24 g of light yellow powder was obtained. This yellow powder was con- 
finned to be Compound Example 62 (all R groups = -CH2-COO-C4H9(t) groups) by NMR measurement 

Dissolution inhibiting Compound Synthesis VI : 

40 

To a solution containing 20 g (0.042 mole) of a,a',a"-tris(4-hydrQxyphenyl)-1,3.5-trlisopropylbenzene in 400 ml of 
tetrahydrofuran (THF). 9.3 g (0.083 rrrele) of potassium tert-butcxide was added in an atmosphere of nitrogen, and 
stirred for 10 minutes at room temperature. Then, 19.5 g (0.087 mole) of di-tert-butyldicartxxiate was furttier added 
thereto. In tiie resulting solution, the reaction was run for 3 hours at room temperature, and the reaction mixture 
45 obtained was poured into Ice-cold water, followed by extraction of the reaction product with ethyl acetate. 

The extract obtained was concentrated, and isolated and purified by column chromatography (carrier: silica gel. 
developing solvent: ethyl acetate/n-hexane (1/5 by volume) mixture). Thus. 7 g of Compound Example 31 (two R groups 
= t-BOC groups; one R group = hydrogen atom) was obtained. 

50 Dissolution Inhibiting Compound Synthesis VII : 

To a solution containing 48.1 g (0.10 mole) of a.a\a" fris(4-hydroxyphenyl)-1.3.5-b^iisopropytbenzene in 300 ml of 
dimethylacetamide. 22.1 g (0.16 mole) of potassium carbonate and 42.9 g (0.22 vno\e) of t-butyl bronrioacetate were 
added thereto. The resufting solution was stinred for 5 hours at 120°C. The reaction mixture obtained was poured into 
55 2 ^ of ion-exchange purified water, neutralized witii acetic add. and then extracted with ethyl acetate. 

The extract obtained was concentrated, and isolated and purified by column chrormtography (carrier; silica gel. 
developing solvent: ethyl acetate/n-hexane (1/5 by volume) mixture). Thus, 10 g of Compound Example 31 (two R 
groups = -CI-l2-COO-C4H9(t) groups; one R group = hydrogen atom) was obtained. 
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EXAMPLE 1 

The conrpounds of the present invention synthesized in the manners described in the foregoing Synthesis Exam- 
ples were examined for their solubilities in the following solvents. The results of solubility examinations, including those 
of corrparative compourKte, are shown in Tat)le 1 . 

Additionally, the solubility of each conrpound was evaluated by visual observation on the aspect assumed when 0.2 
g of the compound was dissolved in 10 ml of each solvent. 



TABLE 1 



Solubilities in Solvenis 


Compound examined 


Solvent used 




Acetone 


PGMEA 


EUEEP (7/3) 


Compound (1-2) 


G 


G 


G 


Compound (1-12) 


G 


G 


G 


Compound (1-22) 


G 


G 


G 


Compound (1-29) 


G 


G 


G 


Conrpound (1-42) 


G 


G 


Q 


Compound (11-2) 


G 


G 


G 


Conpound (11-13) 


G 


G 


G 


Corrpound (11-23) 


G 


G 


G 


Corrpound (11-26) 


G 


G 


G 


Compound (11-35) 


G 


G 


G 


Ckxrparative Compound (A) 


M 


B 


B 


Corrparative Compound (B) 


M 


B 


B 



In the marks in Tat»le 1 . G means that the compound examined was dissolved in the solvent used. M means that 
the compound examined was partly dissolved in the solvent used, ard B means that the compound examined was not 
dissolved in the solvent used. 

In the solvents used, PGMEA represents methoxypropyl 2-acetate. EL represents ethyl lactate, and EEP repre- 
sents ethyl 3-ethoxypropionate. 

Conparative Compound (A) was triphenylsulfonium p-toluenesulfonate. arxi Conparative Compound (B) was 
diphenyliodonium p-toluenesulfonate. 

As is apparent from Table 1 , the pfiotoacid generators of the present invention had excellent solutwiities in the sol- 
vents used. 

EXAMPLES 2 TP 16 AND COMPARATIVE EXAMPLES 1 TO 3 

Preparation of Photosensitive Compositions : 

By the use of the compounds of the present invention obtained in the foregoing Synthesis Examples, photosensi- 
tive conpositions were prepared in accordance with the formulae shown in Tat>le 2. 
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The abbreviations used in Table 2 are as follows: 
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<Resins> 

PHS/EES p-hydroxystyrene/|>(1-ethaxyethoxy)styrene (70/30 by mole) copolymer (weight average molecular 
weight: 21.000) 

PHS/BES p-hydroxystyrene/^(l-t-butoxyethoxy)styrene (70/30 by mole) copolymer (weight average molecular 
weight: 22,000) 

PHS/TBOMSp-hydroxystyrene/l-txjtoxycartwnylmethoxyslyrene (80/20 by mole) copolymer (weight average molecular 
weight: 20,000) 

PHS/THPS p-hydroxystyrene/^>-(2-tetrahydropyranyloD(y)styrene (70/30 by mole) copolymer (weight average molecu- 
lar weight: 22.000) 

PHS/St p-hydroxystyrene/styrene (85/1 5 by mole) copolymer (weight average molecular weight: 35.000) 
PHS//VcST p-hydroxystyrene/|F>-acetQxystyrene (80/20 by mole) copolymer (weight average molecular weight: 
20.000) 

PHS/OHS p-hydroxystyrene/o-hydrcxystyrene (80/20 by mole) copolymer (weight average molecular weight: 
32,000) 

(Acid-deoomposak)le group in dissolution inhlt>ftor) 

TBOC: -O-COO-C4H9* 
TBE: -0-CH2-COO-C4H9^ 
THP: 

EE: 

CH3 
I 

-O-CH-O-C2H5 

{Comparative CompourxJ (C)> 

Triphenylsulfbnium trif luoromethanesuHonate 

(©^^^ CF3SO3- 



Evaluation of Photosensitive Compositions : 

Each of the photosensitive compositions shown in Table 2 was admixed with 0.02 g of 4-dimethylaminopyridine, 
dissolved in 9.5 g of propylene glycol monomethylether acetate, and then passed through a 0.2 ^im filter, thereby pre- 
paring a resist solution. This resist solution was coated on a silicon wafer by means of a spin coater, and dried for 90 
seconds at 1 10°C on a hot plate of vacuum adsorption type, thereby forming a 0.83 ^on-thick resist film. 

Each of the thus formed resist films was exposed by means of a 248 nm KrF excimer laser stepper (NA= 0.42). 
Immediately after the exposure, each resist film was heated for 60 seconds with a 100°C hot plate of vacuum adsorption 
type, followed at once by 60-second dipping in a 2.38 % water solution of tetramethylammonium hydroxide (TMAH). 
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Further, rt was rinsed with water for 30 seconds, and then dried. The patterns thus formed on the silicon water were 
examined for profile, sensitivity and resolution, and evaluated by the following criteria. With respect to these character- 
istics, comparison was made between the present wnd comparative photosensitive compositions. The results obtained 
are shown in Table 3. 

[Profile] 

TTie shape of each pattern on the silicon wafer was observed under a scanning electron microscope, and thereby 
the resist profile was evaluated. 

[Sensitivity] 

TTie sensitivity was defined as the exposure amount required for the reproduction of a 0.40 pm mask pattern. 
[Resolution] 

The resolution was represented by the limiting resolution under the exposure amount required for the reproduction 
of a 0.40 ^m mask pattern. 

On the other harxi, another piece of each resist film exposed in the aforementioned manner was allowed to starxl 
for 2 hours, and then heated under the same condition as described above. Further, h was dipped in a 2.38 % water 
solution of tetrametiiylannmonium hydroxide (TMAH) for 60 seconds, rinsed with water for 30 seconds, and then dried. 
The line width of the thus formed 0.35 \im mask pattern was measured, arKl a rate of line-width change due to differ- 
ence between heat treatments performed immediately after exposure and after a 2-hour lapse from exposure was cal- 
culated. The results obtained are also shown in Table 3. 



Tables 



Evaluation Results 




Sensitivity (mJ/cm^ 


Resolution (jim) 


Resist Pattern Proffle 


Rate of Line-widtti 
Change due to lapse 
of time before heating 
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In the marks in Table 3, G means that a rate of line-width change (thinning) was within the range of 0 to 7 %, M 
means that a rate of line-width change was within the range of 8 to 14 %. and B means that a rate of line-width change 
was not lower than 15 %. 

It is clearly seen from the results shown in Table 3 that the resist films using the preset positive working photosen- 
5 sitive compositions form resist patterns having satisfactory profile, high sensitivity and high resolution, and what is 
more, the resist patterns formed therein suffered a small change in line width due to lapse of time after exposure, as 
compared with the those formed in the resist films of Comparative Examples 1 to 3. 

EFFECT OF THE INVENTION 

10 

The positive working photosensitive compositions according to the present invention can provide positive working 
photosensitive connposrttons of chemical arrplification type which form resist patterns having satisfactory profile, high 
sensitivity, high resolution, and slight change in properties with a lapse of time after exposure. 

While the invention has been described in detail and with reference to specific embodiments thereof, it will be 
15 apparent to one skilled in the art that various changes and nrxxlrfications can be made therein without departing from 
the spirit and scope thereof. 

Claims 

20 1 . A positive working photosensitive composition comprising (a) a resin having groups capat)le of increasing solubility 
of the resin in an alkali developer through their deconrposition due to the action of an acid and (b) a compound rep- 
resented by formula (I) or (II) generating a sulfonic acid by irradiation with active rays or radiant rays: 



25 



30 




(I) 

35 

wherein R^, R2, R3, R4 and R5 each represent a hydrogen atom, an alkyi group, a cydoalkyl groip, an alkoxy 
group, a hydroxy group, a fialogen atom or a -S- Re groip; Re represents an alkyI group or an aryl group; and X" 
represents a l)enzenesulfonic, naphthalenesutfonic or antiiracenesulfonic add anion having at least one ester 
group. 

40 

2. The positive working photosensitive composition as in claim 1 , further conrprising (c) a low nrx}lecular. actd-decom- 
posable. dissolution-inhibiting compound having a molecular weight of no greater tiian 3,000. having a group capa- 
ble of being decomposed by an add and increasing solubility of the resin in an alkali devetoper due to the action of 
tfie acid. 

45 

3. The positive working photosensitive composition as in daim 1 , further comprising (d) a resin which is insoli±>le in 
water but soluble in an aqueous alkali solution. 

4. The positive working photosensitive composition as in daim 2. further comprising (d) a resin which is insolU)le in 
50 water but soluble in an aqueous alkali solution. 

5. A positive working photosensitive conposition comprising (b) a compound represented by forn^jla (I) or (II) gener- 
ating a sulfonic add by irradiation with active rays or radiant rays, (c) a low molecular. ackl<lecomposabie, dissolu- 
tion-inhibiting compound having a molecular weight of no greater than 3,000. having a group capable of being 

55 decomposed by an add and increasing solii>ility of the resin in an alkali developer due to the action of the acid and 
(d) a resin which is insoluble in water but soluble in an aqueous alkali solution: 
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(I) 



wherein R^, Rg, R3. R4 and R5 each represent a hydrogen atom, an alkyi group, a cydoalkyi group, an alkoxy 
group, a hydroxy group, a halogen atom or a -S-Rg group; Rg represents an alkyl group or an aryl group; and X" 
represents a benzenesuffbnic, napWhalenesulfonic or anthracenesulibnic add anion having at least one ester 
group. 
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